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THE ROLE OF THE M A I N  GEOMAGNETIC FIELD 
I N  LOCATING CONJUGATE POINTS 
A b s t r a c t :  A sample d i s t r i b u t i o n  of conjugate  p o i n t s  i s  c a l c u l a t e d  
u s i n g  va r ious  models of t he  main geomagnetic f i e l d  eva lua ted  a t  
d i f f e r e n t  epochs. A summary of the conclusions i s  t h a t  (1) For 
L < 4 t h e  e r r o r s  a r e  of t h e  order of a few t e n s  of k i lome te r s ;  (2) 
Older models of t h e  f i e l d  such as  Finch-Leaton g ive  r e s u l t s  w i t h i n  
a few degrees of t h e  l a t e s t  more a c c u r a t e  models; (3 )  Use of t h e  
e c c e n t r i c  d i p o l e  approximation gives e r r o r s  t h a t  range from a few 
t e n s  of k i lome te r s  a t  h igh  l a t i t u d e  t o  s e v e r a l  hundred k i lome te r s  
nea r  t h e  equa to r ;  and ( 4 )  The secu la r  change of conjugate  point  
l o c a t i o n s  i s  very sma l l ,  averaging 1 t o  10 K m l y r .  
I n c l u s i o n  of Meadb symmetrical boundary f i e l d  f o r  a t r a c e  from 
Macquarie I s l a n d  t o  Alaska (L = 5) s h i f t s  t h e  conjugate  only about 
100 Km. It i s  concluded t h a t  f o r  L 2 5 t h e  f i e l d  l i n e  passes  through 
r e g i o n s  where t h e  f i e l d  i n t e n s i t y  i s  s u f f i c i e n t l y  weak t h a t  conjugate  
p o i n t  de t e rmina t ions  should include r e a l i s t i c  e s t i m a t e s  (not now 
a v a i l a b l e )  of t h e  d i s t o r t i o n s  due t o  plasma i n t e r a c t i o n s .  
Over t h e  p a s t  few yea r s  our knowledge of t h e  exact s t r u c t u r e  
of t h e  geomagnetic f i e l d  has increased cons ide rab ly ,  Not only i s  
t h e  main f i e l d  known t o  a high accuracy but a l s o  some of t h e  g ross  
f e a t u r e s  .of i t s  d i s t o r t i o n s  by e x t e r n a l  p re s su res  a r e  becoming 
c l e a r .  The purpose of t h i s  review is  t o  d i s c u s s  t h e  s i g n i f i c a n c e  
of t h i s  i nc reased  knowledge i n  the  context  of conjugate  po in t  
phenomena. 
Desc r ip t ion  of t h e  Main F i e l d  
I n  d e s c r i b i n g  t h e  improvements i n  our knowledge of t h e  main 
f i e l d  over t h e  pas t  few yea r s  i t  i s  u s e f u l  t o  comment on t h e  r e l a t i v e  
a c c u r a c i e s  of t h e  pas t  f i e l d  models used f o r  conjugate  point  ca l cu -  
l a t i o n s .  We have made such comparisons i n  va r ious  p u b l i c a t i o n s  using 
a s  a c r i t e r i o n  t h e  degree t o  which each f i e l d  model matches t h e  
a v a i l a b l e  s e t  of magnetic survey da ta .  This  match is  made by comparing 
t h e  root-mean-square d e v i a t i o n  between t h e  measured f i e l d  component 
and t h a t  p r e d i c t e d  by t h e  model. Since t h e  measured components a r e  
o f t e n  t h e  ang le s  D ( d e c l i n a t i o n )  and I ( i n c l i n a t i o n ) ,  t h e i r  d e v i a t i o n s  
a r e  converted t o  f o r c e  u n i t s  by mul t ip ly ing  by t h e  values  of t h e  
h o r i z o n t a l  and t o t a l  f o r c e  r e s p e c t i v e l y .  The d e v i a t i o n s  whose squa res  
a r e  summed thus  inc lude  AF, AH, A Z ,  HAD, and FAI. Also ,  s i n c e  t h e  
d i s t r i b u t i o n  of r e s i d u a l s  of observat ions about model p r e d i c t i o n s  i s  
non-gaussian due t o  s u r f a c e  c r u s t a l  anomalies,  t h e  d a t a  a r e  f r e q u e n t l y  
"clipped" t o  remove those  with high d e v i a t i o n s  (e .g .  < 2 0 0 0 ~ )  befo re  
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a comparison i s  made. Sometimes d a t a  a r e  g iven  r e l a t i v e  weights  i n  
making comparisons but  t h i s  s o p h i s t i c a t i o n  r a r e l y  adds t o  t h e  con- 
f i d e n c e  i n  a given model. 
f i e l d  models changes due t o  a change i n  t h e  weights ,  t h e y  a r e  normally 
regarded  as  equ iva len t .  
Usual ly ,  i f  t h e  r e l a t ive  s t a n d i n g  of two 
One d i f f i c u l t y  i n  making t h e s e  comparisons i s  t h a t  many f i e l d  
modelsdo not con ta in  c o e f f i c i e n t s  d e s c r i b i n g  s e c u l a r  change. In fe rences  
a s  t o  t h e i r  accuracy can only  be made f o r  d a t a  t aken  very near  t h e i r  
epochs,  t h e  d a t a  must be changed t o  t h e  epoch of t h e  c o e f f i c i e n t s ,  
o r  e s t ima tes  of s ecu la r  change must be used t o  a d j u s t  t h e  c o e f f i c i e n t s .  
E i t h e r  of t h e s e  l a s t  two a l t e r n a t e s  makes t h e  comparison i n c r e a s i n g l y  
dependent on t h e  accuracy of t h e  s e c u l a r  change e s t i m a t e s  as t h e  t i m e  
span of t he  d a t a  i s  broadened s u f f i c i e n t l y  t o  inc lude  a good g l o b a l  
d i s t r i b u t i o n .  The sparseness  of magnetic survey d a t a  i s  s u f f i c i e n t l y  
g r e a t  t h a t  i t  has  prev ious ly  been necessary  t o  use d a t a  t aken  be fo re  
1925 t o  ob ta in  a coverage of some a r e a s .  
We have publ ished (Cain e t  a l . ,  1965) a comparison f o r  t h e  
i n t e r v a l  1940-1963 of f i e l d  models i nc lud ing  t h o s e  by Vest ine (1960), 
Jones and Melot te  (1953),  Nagata and Oguti  (1962),  Adam e t  a l . ,  (1962, 
1963) ,  Fanselau and Kautzleben (1956, 1964) ,  Fougere (1965), F inch  and 
Leaton (1957), Leaton,  Malin,  and Evans (1965),  Jensen and Cain (1962),  
and a then  new model which w e  have subsequent ly  l a b e l l e d  GSFC(4/64). 
The r e s u l t s  of t h i s  comparison were t h a t  of t h e  o lde r  models which 
inc luded  secu la r  change t e r m s ,  t hose  of Vest ine and Nagata and Oguti  
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gave r easonab le  (- 300y r m s )  matches t o  t h e  d a t a  near or be fo re  t h e i r  
epochs, but  t h e  e r r o r s  were c l e a r l y  i n  t h e  500-6OOy range by 1960. 
Other o lde r  models without  s e c u l a r  change c o e f f i c i e n t s  such a s  those  
by Fanselau and Kautzlcben, and Jones and Melot te  were out of d a t a  
by 1950 and gave i n c r e a s i n g l y  l a rge  r e s i d u a l s  t o  more r e c e n t  d a t a .  
The Jensen and Cain model w a s  seen t o  be of no improvement over Finch 
and Leaton u n t i l  a f t e r  1962. 
The Fougere model was noted t o  g i v e  e r r a t i c  r e s i d u a l s  over t h e  
i n t e r v a l  1955-1963 r ang ing  from 280 t o  7 4 0 ~  r m s  depending p r i m a r i l y  
on t h e  a r e a  over which t h e  survey d a t a  were taken.  
(- 250y r m s )  matches t o  r e c e n t  da t a  a t  t h e  t i m e  of t h i s  p u b l i c a t i o n  
were t h e  Leaton, Malin, and Evans and t h e  GSFC(4/64) f i e l d .  Their  
r e l a t i v e  m e r i t s  changed according t o  how t h e  d a t a  were weighted. 
Although w e  have not comprehensively compared t h e  Jensen and Whitaker 
(1960) model w i th  survey d a t a ,  our experience i n  a t t empt ing  t o  use 
i t  a s  a r e f e r e n c e  f o r  t h e  Vanguard 3 d a t a  (Cain e t  a l . ,  1962) i n d i c a t e d  
t h a t  it was not n o t i c e a b l y  more accura t e  t h a n  Finch and Lea ton ' s .  This  
h ighe r  r e s i d u a l  was a l s o  r e p o r t e d  by Fougere (1965) i n  comparing survey 
d a t a  by us ing  d i f f e r e n t  f i e l d  models a d j u s t e d  t o  t h e  epoch of t h e  
survey d a t a  by use of t h e  Nagata and Oguti  s e c u l a r  change terms.  
Although t h e  a p p l i c a t i o n  of t h e s e  s e c u l a r  change c o e f f i c i e n t s  t o  t h e  
f i e l d  models makes h i s  d e t a i l e d  conclusions deba tab le ,  t h e  f a c t  t h a t  
t h e  r m s  e r r o r s  t o  t h e  Jensen and Whitaker model were a f a c t o r  of about 
two above t h a t  of s e v e r a l  of t h e  other  models makes it  ano the r  one t o  
d i smis s  from f u r t h e r  cons ide ra t ion .  
The two b e s t  
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I n  more r e c e n t  p u b l i c a t i o n s  (Cain,  1966; Hendricks and Cain,  
1966) we have presented new models which ag ree  wi th  s u r f a c e  survey 
d a t a  even b e t t e r  t h a n  pas t  models. We a r e  c u r r e n t l y  t e s t i n g  (Cain 
e t  a l . ,  1967) a model l a b e l l e d  GSFC(12/66) which g ives  a weighted 
r m s  r e s i d u a l  of 99y t o  a s e l e c t i o n  of a l l  magnetic survey d a t a  s i n c e  
1900, i nc lud ing  a f i t  of 13y r m s  t o  a sample of t o t a l  f i e l d  d a t a  
taken during a magnet ical ly  q u i e t  per iod i n  November, 1965 by t h e  
OGO-2 s a t e l l i t e .  As shown i n  F igu re  1 t h e s e  l a s t  d a t a  cover t h e  
e a r t h  completely.  We conclude t h a t  t h e  present  e r r o r s  of t h e  main 
f i e l d  model a r e  now near t h e  l e v e l  of t h e  average t i m e  v a r i a t i o n s .  
The previous l a c k  of comprehensive d a t a  coverage had t h e  r e s u l t  
t h a t  even i f  a given f i e l d  model f i t  t h e  a v a i l a b l e  d a t a  t o  a h igh  
degree,  one would s t i l l  not know i t s  accuracy over t h e  very l a r g e  
unsurveyed a r e a s  of t h e  South P a c i f i c  and Southern Polar  r e g i o n s .  
The only remaining u n c e r t a i n t i e s  i n  t h e  GSFC(12/66) f i e l d  d e s c r i p t i o n  
a r e  t o  e v a l u a t e  sys t ema t i c  e r r o r s  i n  t h e  o r b i t a l  p o s i t i o n s  (now 
estimated a s  being equ iva len t  t o  a f i e l d  d i s t o r t i o n  < 20y),  t o  t a k e  
i n t o  account t h e  q u i e t  d a i l y  c o n t r i b u t i o n s  of sources  e x t e r n a l  t o  
t h e  e a r t h ,  and t o  improve t h e  s e c u l a r  change e s t i m a t e s  f o r  t h e  h igh  
order  terms. 
Ca lcu la t ing  Coniuvate Locations 
P r e s e n t a t i o r s o f  conjugate  point  l o c a t i o n s  have been given by 
Vestine and S i b l e y  (1960), Dudziak e t  a l .  (1963), Roederer e t  a l .  
(1965) and a t  t h i s  symposium by Campbell and Mat sush i t a .  Vestine 
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and S ib l ey  used t h e  Finch and Leaton f i e l d  and a Runge-Kutta-Gill 
method t o  i n t e g r a t e  t h e  f i e l d  l i n e s  wi th  e s t ima ted  e r r o r s  of less 
t h a n  83 JGn. Dudziak e t  a l .  used both t h e  Jensen-Cain and t h e  Jensen- 
Whitaker c o e f f i c i e n t s  t o  produce a g r a p h i c a l  r e p r e s e n t a t i o n .  Roederer 
e t  a l .  a l s o  used t h e  Jensen-Cain c o e f f i c i e n t s  t o  l i s t  conjugates  a t  
var ious a l t i t u d e s  over s e l e c t e d  s t a t i o n s .  The map presented a t  t h i s  
symposium by Campbell and Matsushita (1967) i s  based on a 48 term 
t r u n c a t i o n  of t h e  GSFC(9/65) c o e f f i c i e n t s  (Hendricks and Cain, 1966) .  
Both of t h e  l a s t  two c a l c u l a t i o n s  use a simple l i n e  t r a c i n g  
program o r i g i n a l l y  w r i t t e n  by W .  E .  Daniels  and employing t h e  use of 
an Adams four  point  formula ( s e e  Rals ton and Wilf ,  1960, p .  97 ) .  
Using i n t e g r a t i o n  s t e p s  of t h e  order  of 50 Km. a t  low l a t i t u d e s  one 
can make a two-way f i e l d  l i n e  t r a c e  and r e t u r n  t o  t h e  o r i g i n a l  s t a r t i n g  
po in t  w i th in  0 . 5  Km. 
The Effect  of Improvements i n  F i e l d  Models 
There a r e  not many conjugate phenomena f o r  which an  accuracy of 
more than a few degrees i s  necessary.  Wescott and Mather (1965) have 
r epor t ed  t h a t  t h e  Macquarie I s l a n d  magnetic f l u c t u a t i o n s  f o r  t h e  I G Y  
sometimes appear t o  c o r r e l a t e  b e t t e r  w i th  d a t a  t aken  i n  c e n t r a l  Alaska 
t h a n  with d a t a  t aken  a t  Kotzebue near t h e  conjugate  l o c a t i o n .  We have 
c a l c u l a t e d  i n  Table 1 t h e  Macquarie I s l a n d  Conjugate l o c a t i o n  f o r  a 
few of t h e  a v a i l a b l e  f i e l d  models. A l l  of t h e s e  p o s i t i o n s  l i e  w i t h i n  
a n  area of a few t e n s  of k i lome te r s  l o c a t e d  about 100 Km. t o  t h e  
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TABLE 1 
100 Km i n t e r s e c t i o n s  and minimum f i e l d  p o i n t s  of geomagnetic f i e l d  l i n e  
o r i g i n a t i n g  100 Km over Macquarie I s land  Magnetic Observatory (54. 5OoS, 
158.95OE). 
Date 
1960.0 
1958.0 
1958.0 
1958.0 
Con j ugat e Minimum F i e l d  Point 
F i e l d  Model Lat Long Lat  Long r /re B 
J+C 67.3' -163.9' 5.3' 176.3' 5.42 201y 
LME 67.2 -165.0 5.3 176.0 5.32 214 
GSF C (4/ 64) 67.3 -165.0 5.4 175.9 5.33 212 
GSFC(12/66) 67.3 -164.8 5 .4  176.0 5.32 212 
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northwest of Kotzebue. It i s  t h u s  apparent  t h a t  such e f f e c t s  as a r e  
observed by Wescott and Mather could not  be due t o  u n c e r t a i n t i e s  i n  
t h e  main f i e l d .  Such a c l o s e  agreement i n  conjugate  point  l o c a t i o n s  
i s  t y p i c a l  f o r  d i f f e r e n t  p o i n t s  over t h e  e a r t h  us ing  d i f f e r e n t  f i e l d  
models. 
Perhaps a more s e n s i t i v e  t e s t  of conjugacy i s  t h a t  provided by 
Leonard (1963) i n  r e p o r t i n g  obse rva t ions  of an a r t i f i c i a l  au ro ra  i n  
t h e  South P a c i f i c .  
(Cain e t  a l . ,  1965) we noted an agreement of 27  h. between t h e  
observed and p r e d i c t e d  p o s i t i o n  by e i t h e r  t h e  GSFC(4/64) model o r  
t h a t  of Leaton, Malin, and Evans. We r e p e a t  t h e s e  r e s u l t s  h e r e  i n  
Table 2 t o  show t h a t  t h e  GSFC(12/66) model improves t h i s  agreement 
t o  wi th in  15 h. 
I n  our paper p r e s e n t i n g  t h e  GSFC(4/64) model 
Evaluating Conjugate Point  Locat ions 
Several  devices  can be h e l p f u l  i n  conjugate  po in t  e v a l u a t i o n s  
t o  shorten t h e  computation t ime i f  a numerical  i n t e g r a t i o n  i s  used. 
Roederer e t  a1.(1965) used an  i n t e g r a t i o n  s t e p  s i z e  of 50L - 30 k i l o -  
meters, where L i s  McIlwain's (1966) parameter, and found it s a t i s f a c t o r y .  
Since the  computation t i m e  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  number of 
s t e p s ,  the use of t h e  l a r g e s t  p o s s i b l e  i n t e r v a l  which w i l l  ma in ta in  
t h e  necessary accuracy is  d e s i r a b l e .  
o rde r  terms from t h e  f i e l d  expansion i s  another  u s e f u l  sho r t - cu t  
a l r e a d y  b u i l t  i n t o  t h e  F o r t r a n  code d i s t r i b u t e d  by McIlwain (1966) 
The f e a t u r e  of dropping h igh  
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TABLE 2 
Distance R between pos i t ion  of observed a r t i f i c i a l  aurora [Leonard, 
19631 and traces  t o  122 Km. a l t i tude  using f i e l d  models indicated.  
Model 
Finch and Leaton 
Jensen and Cain 
Leaton, Malin, .and 
Evans 
GSFC ( 4 / 6 4 )  
GSFC (12/ 6 6 )  
R, 
56 
46 
27 
27 
15 
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f o r  t h e  computation of B and L ( s e e  a l s o  Cain e t  a l . ,  1964).  Th i s  
expedient w a s  designed mainly t o  reduce computation t i m e  a s  t h e  
terms i n  t h e  p o t e n t i a l  expansion which a r e  m u l t i p l i e d  by ( a / r )  
a r e  reduced t o  i n s i g n i f i c a n c e  wi th  i n c r e a s i n g  r f o r  l a r g e  n. However, 
it i s  e a s y  t o  see t h a t  t h e  r e s u l t  of t h i s  t r u n c a t i o n  is f o r  t h e  lower 
n+2 
order  terms t o  be more s i g n i f i c a n t  a t  t h e  h ighe r  L va lues  i n  c o n t r o l l i n g  
t h e  conjugate  point  l o c a t i o n s  t h a n  f o r  t h e  conjugate  p o i n t s  a t  lower 
L values .  The u s e  of only t h e  lowest o rde r  terms i n  a numerical  i n t e -  
g r a t i o n  can t h u s  be considered,  w i t h  a deg rada t ion  of t h e  r e s u l t  mainly 
i n  a few low l a t i t u d e  a r e a s .  A s e t  of sample conjugate  p o i n t s  computed 
using t h e  f i r s t  two o r d e r s  and degrees  of t h e  main f i e l d  p o t e n t i a l  
expansion a s  compared wi th  t h e  same p o i n t s  computed us ing  a l l  120 terms 
of the GSFC(12/66) f i e l d  model* i s  given i n  Table 3 .  Here we compute 
f o r  epoch 1965.0 and an  a l t i t u d e  of 100 Km. f o r  both t h e  beginning and 
ending p o i n t .  For a comparison, va lues  are  l i s t e d  a longs ide  a s  read 
from t h e  map by Campbell and Matsushi ta  d i s t r i b u t e d  a t  t h i s  symposium. 
The nmax = 2 column corresponds t o  r e s u l t s  t h a t  would be obtained 
using an  e c c e n t r i c  d i p o l e  approximation t o  t h e  f i e l d  ( see  Chapman and 
B a r t e l s ,  1940, p. 651. 
t h e i r  equa t ion  f o r  L1). 
Note c o r r e c t i o n  of m i s p r i n t  g: i n s t e a d  of gk i n  
* As noted e a r l i e r  t h e  higher  o rde r  t e r m s  a re  d i sca rded  wi th  i n c r e a s i n g  
a l t i t u d e  a s  t hey  become i n s i g n i f i c a n t .  The very conse rva t ive  t r u n c a -  
t i o n  a lgo r i thm used h e r e  w a s  t h a t  t h e  maximum degree and o rde r  of t h e  
2 2 where h = a l t i t u d e  above 7 .5  
ln(l.OO1 + h / a )  expansion w a s  nmax = -1 + 
geoid and a = 6371.2 Km. 
' I  
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TABLE 3 
Conjugate poin t  l o c a t i o n s  a t  100 Km. a l t i t u d e  above given l o c a t i o n s ,  
GSFC(12/66) f i e l d  model eva lua ted  a t  1965.0. 
O R I G I N  CONJUGATE LOCATIONS 
Area 
Alaska 
near  
Norway 
USSR 
ESA 
nmax = 2 nmax = 10  
Lat Long Lat Long Lat Long 
65' -1.50' -56.7' 169.3' -56.5' 167.6' 
70 10 -61 .2  56.3 -62.9 64.1 
70 110 -49.4 111.3 -49.7 114.4 
-2 1. E =go - 6 7 . 3  114.0 -66.3 119.8 
Kerguelen -50 70 65.6 48.5 63.5 44.0 
S .  America 10 -70 41.0 -68.8 38.2 -71.5 
Egypt 30 30 -16.1 35.8 -11.6 32.4 
From Map By 
Campbell & 
Matsushi ta  
Lat Long 
-56' 168' 
-61 64 
-50 114 
-66 120 
64 43 
-38 -72 
-11 31 
Minimum 
F i e l d  
(VI 
200 
94 
229 
7 78 
5 79 
15866 
18948 
-1 2- 
As pred ic t ed ,  t h e  g r e a t e s t  e r r o r  i n  us ing  on ly  t h e  lowest o r d e r  
f i e l d  a r i s e s  i n  low l a t i t u d e s  where t h e  f i e l d  l i n e  never rises high 
enough t o  be f r e e  of t h e  in f luence  of h ighe r  o rde r  terms.  
The (cr,B) coord ina te  system a s  introduced by Ray (1963) and 
S t e r n  (1967) may a l s o  be another  technique u s e f u l  f o r  conjugate  po in t  
eva lua t ions .  However, a t  t h e  p re sen t  t i m e  t h e  most a c c u r a t e  r e p r e -  
s e n t a t i o n s  are obtained by a d i r e c t  f i e l d  l i n e  i n t e g r a t i o n  using a t  
l e a s t  t h e  f irst  48 terms of a main f i e l d  expansion a s  i s  p re sen ted  a t  
t h i s  symposium by Campbell and Mat sush i t a .  
Secular  Change 
The two main f e a t u r e s  of t h e  s e c u l a r  change of t h e  geomagnetic 
f i e l d  cont inue t o  be i t s  slow weakening and apparent westward d r i f t .  
However, t h e  e f f e c t  of s e c u l a r  change on conjugate  p o i n t s  i s  an  even 
sma l l e r  e f f e c t  i n  slowly d i s t o r t i n g  t h e  f i e l d .  That i s ,  al though t h e  
f i e l d  a s  a whole appears  t o  d r i f t  westward a t  r a t e s  es t imated t o  be 
of t h e  order  of 0.2' per year (Bul lard e t  a l . ,  1950),  t h e  s h i f t  of 
t h e  r e l a t i v e  l o c a t i o n s  of conjugate  p o i n t s  i s  another  o rde r  of magni- 
t ude  l e s s .  
To i l l u s t r a t e  t h i s  small  change w e  have l i s t e d  i n  Table 4 t h e  
d i f f e r e n c e  i n  p o s i t i o n  f o r  t h e  conjugate  p o i n t s  given i n  Table 3 
between 1960 and 1970 a s  computed us ing  t h e  GSFC(12/66) f i e l d  model. 
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TABLE 4 
Secular  Change i n  Conjugate Points(1960-1970) 
Area 
Alaska 
Norway 
USSR 
USA 
Kerguelen 
S .  America 
Egypt 
Lat  
65 
70 
70 
45 
-50 
10 
30 
Long 
-150 
10 
110 
-90 
70 
- 70 
30 
ALat i t u d e  
(degrees ) 
-.04 
. 2 3  
.22 
. 00 
.26 
1.32 
-.05 
ALongit ude 
(degrees  ) 
-.36 
-.05 
-. 22 
.97 
-.57 
1.23 
.05 
As can be seen  i n  t h i s  t a b l e  t h e  usua l  change i s  only of t h e  
o r d e r  of a few ki lometers /year  with t h e  l a r g e s t  values  of t h e  o rde r  
of 10 K m / y r .  
I n f l u e n c e  of Ex te rna l  F i e l d s  
The previous c a l c u l a t i o n s  have a l l  included on ly  t h e  main f i e l d  
c o n t r i b u t i o n  to t h e  t o t a l  ambient f i e l d  a t  any po in t  along a f i e l d  
l i n e .  I n  Tables 1 and 3 we  g ive  t h e  minimum value of f i e l d s  f o r  t h e  
f i e l d  l i n e s  t r a c e d .  
Alaska i s  s u f f i c i e n t l y  small  t h a t  even t h e  q u i e t  f i e l d  d i s t o r t i o n s ,  
e s t ima ted  t o  be of t h e  order  of 40y from e i t h e r  t h e  e x t e r n a l  boundary 
The minimum of 200y from Macquarie I s l a n d  t o  
-14- 
pres su re  (Mead, 1964) o r  from i n t e r n a l  t r apped  p a r t i c l e s ,  would 
cause a s i g n i f i c a n t  d e f l e c t i o n  i f  t h e r e  were a l a r g e  ang le  between 
t h e  two vec to r s .  However, most of t h e  known p r e s s u r e s  r e s u l t  i n  
p e r t u r b a t i o n  f i e l d s  t h a t  a r e  o r i e n t e d  a t  a r e l a t i v e l y  small  ang le  
t o  t h a t  of t h e  e a r t h ' s  out t o  d i s t a n c e s  of t h e  order  of t e n  e a r t h  
r a d i i  and hence have no s e r i o u s  e f f e c t .  For example, t h e  a d d i t i o n  
of t h e  boundary model of Mead (1964) t o  t h e  main f i e l d  f o r  Macquarie 
I s l a n d  merely moves t h e  conjugate  l o c a t i o n  another  70 Km. west of 
t h e  va lues  i n  Table 1 f o r  a sunward boundary d i s t a n c e  of 10 e a r t h  
r a d i i  and about 100 Km. f o r  a boundary a t  e i g h t  e a r t h  r a d i i .  I n  
both c a s e s  t h e  conjugate  l o c a t i o n  t r a c e s  out  an e l l i p s e  about 50 Km. 
a c r o s s  during t h e  course of a day. While t h i s  model e x t e r n a l  f i e l d  
i s  probably on ly  a rough approximation t o  t h e  t r u e  e x t e r n a l  sou rces ,  
which must a l s o  inc lude  t r apped  plasma and be d r a s t i c a l l y  modified 
from Mead's r e p r e s e n t a t i o n  on t h e  evening s i d e  of t h e  e a r t h ,  i t  does 
h e l p  t o  place i n  some p e r s p e c t i v e  t h e  previous r e s u l t s .  Ex te rna l  
e f f e c t s  w i l l  be l e s s  s i g n i f i c a n t  t o  f i e l d  l i n e s  extending a sma l l e r  
d i s t a n c e  from t h e  e a r t h .  This  can be simply i l l u s t r a t e d  by no t ing  
t h e  approximate f i e l d  values  a t  va r ious  d i s t a n c e s  from t h e  e a r t h  
c 
. '  
us ing  t h e  d ipo le  i n v e r s e  cubeapproximation a s  fo l lows :  
r / re  F i e l d  
1 30000y 
1.5 9000 
2 3800 
3 1100 
4 480 
5 240 
6 140 
t 
I 
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Since most of t h e  d i s t o r t i o n  must occur i n  t h e  ou te r  r eg ions  i t  i s  
l i k e l y  t h a t  under moderately qu ie t  magnetic cond i t ions  t h e  conjugate  
po in t  p r e d i c t i o n s  us ing  only t h e  main f i e l d  w i l l  be a c c u r a t e  f o r  
L < 4 t o  a few t e n t h s  of a degree and t h a t  t h e  e r r o r s  w i l l  i nc rease  
t o  a degree by L = 5 .  Beyond L = 5 such p r e d i c t i o n s  must become 
i n c r e a s i n g l y  l e s s  c e r t a i n  and a r e  l i k e l y  t o  be only of marginal value 
above L = 8. 
During magnetic d i s tu rbance  where t h e  f i e l d  changes a r e  known 
t o  be of t h e  order  of s e v e r a l  hundred gammas a t  a few e a r t h  r a d i i  t h e  
degree of u n c e r t a i n t y  must a l s o  inc rease  and q u a n t i t a t i v e  p r e d i c t i o n s  
a r e  not now l i k e l y  t o  be meaningful. 
Conclusions 
A f i r m  conclusion from t h i s  review is  t h a t  t h e  e r r o r s  of t h e  main 
f i e l d  r e p r e s e n t a t  ions c o n t r i b u t e  i n  no way t o  s i g n i f i c a n t  u n c e r t a i n t i e s  
i n  determining conjugate  point  l o c a t i o n s .  Unless a need a r o s e  f o r  
p r e d i c t i n g  p o s i t i o n s  t o  accuracies  b e t t e r  t h a n  100 K m . ,  t h e  a d d i t i o n  of 
e x t e r n a l  f i e l d  sources  i s  unnecessary up t o  t h e  a u r o r a l  zones.  The 
e f f e c t  of t h e  s e c u l a r  change of t h e  main f i e l d  on conjugate  point  maps 
i s  so s l i g h t  t h a t  no s i g n i f i c a n t  e r r o r s  w i l l  occur by updat ing such 
r e p r e s e n t a t i o n s  a t  i n t e r v a l s  a s  long a s  a decade. 
The most u s e f u l  con t r ibu t ions  t h a t  could be made t o  t h i s  s u b j e c t  i n  
t h e  f u t u r e  would t h u s  be t o  def ine t h e  d i s t o r t i o n s  of t h e  f i e l d  a t  more 
t h a n  a 
c o n d i t i o n s .  
few e a r t h  r a d i i  both during magne t i ca l ly  q u i e t  and d i s t u r b e d  
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